INTRODUCTION
Vertical accuracy is required to know the image quality within object analyzing, particularly for DEM (Digital Elevation Model) (Athmania & Achour, 2014) . DEM depicts the surface of the earth, so it is commonly used in several studies such as remote sensing, disaster management, mineral exploration, environmental science, land use, GIS, and forestry . There are types of DEM commonly used for research; those are Advanced Spaceborne Thermal Emission and Reflection (ASTER) Global Digital Elevation Model (GDEM) version 2 and Shuttle Radar Topography 400 Mission (SRTM) version 4 (Hirt et al., 2010) . This research required vertical accuracy assessment so that images have a high accuracy in accordance with the purpose of the study.
Advanced Spaceborne Themal Emission and Reflection (ASTER) Global Digital Elevation Model (GDEM) Version 2 was released in October 2011, which was the collaboration result between Ministry of Economy, Trade, and Industry (METI) of Japan and United States National Aeronautics and Space Administration (NASA). GDEM ASTER Version 2 has horizontal resolution 70 m and offset -0.7 m. the Shuttle Radar Topography Mission (SRTM) version 4 was produced in collaboration between NASA and National Geospatial Intellegence Agency (NGA). SRTM used dual Spaceborne Imaging Radar (SIR-C) and dual X-band Synthetic Aperture Radar (X-SAR) configured as the base of the inferometer, resulting two images at the same time. When combined, these two images will form three dimension. There have been previous studies on assessing accuracy of SRTM and ASTER GDEM (Table 1) .
ASTER GDEM and SRTM have their own characteristics so that they will have different bias and RMSE values (Jing et al., 2014) . This research aimed to compare vertical accuracy on ASTER GDEM v.2 and SRTM v.4 in Padang City, West Sumatera. References used were topography and land-use. Topography was obtained from Rupa Bumi Indonesia (RBI) map with scale 1:10.000. DEM was created from contour and point height on RBI map. Land-use was gained from supervised maximum likelihood classification on SPOT 6 imagery. SPOT has high spectral resolution and spatial resolution, making it suitable for land-use classification. Research areas were in the northern and southern part of Padang Pariaman District which geographically located between 0°11' -0°49' S dan 98°36'-100°28' E. This region covers 3.15% of area of West Sumatera Province. The capital of Padang Pariaman is Pariaman City which is about 55 km from Padang City. Topographically, Padang Pariaman consists of land that located on the island of Sumatera and includes six small islands around it. Nearly 40% of its territory is located in coastal area which has a height of about 0-10 meters above sea level. Whereas, almost 60% remaining area is wavy hills located in the eastern with height variation of 10-1000 meters above sea level. Diverse topographic causes different patterns of land use such as settlements, urban, farmland, and forest. Due to the study area has an altitude differentiation, it is important to compare the vertical accuracy using data obtained from ASTER GDEM v.2 and SRTM v.4.
METHODS

SRTM V.4
SRTM constitutes the collaboration result between National Geospatial-Intelligence Agency (NGA) and the National Aeronautics and Space Administration (NASA). In 2000 radar-based data were collected using Endeavor shuttle, X-RADAR and SIR-C/X-SAR. The result was the SRTM database that contains information about the earth's surface. The final released version produces a resolution of 90 m SRTM v.1 and v.2, except in the United States with a resolution of 30 m. SRTM v.3 was released in 2003 by United States Geological Survey (USGS) and has been available for free since September 2003 (Satgé et al., 2015) . In 2008, Consortium for Spatial Information (CSI) dari Consultative Group of International Agricultural Research (CGIAR) officially released the last SRTM v.3 known as SRTM v.4 which can be downloaded via http://srtm.csi.cgiar.org/. This product used ellipsoid WGS 84 and geoid EGM96 as the reference. Since this version has several improvements, SRTM was selected for this study.
ASTER GDEM v.2
The advanced space borne thermal emission and reflection radiometer global digital elevation model (ASTER GDEM) v.2 as an open source global DEM was downloaded from USGS (www.earthexplorer.usgs.gov). The data was released on 17 October 2011 by NASA and the Ministry of Economy, Trade, and Industry (METI) of Japan (Li et al., 2013; Satgé et al., 2015) .
Several improvements from previous version of ASTER GDEM v1 launched on Board NASA's Terra spacecraft in December 1999, the newest version of the data has an improvement within several benefits from the inclusion of additional scenes to reduce artifacts, higher horizontal resolution using a smaller correlation kernel (5 x 5 versus 9 x 9 used for GDEM 1.0) . In line with this, the data were delivered in tiles of 1° by 1° referenced to the WGS84 ellipsoid and EGM96 geoid. An improved water mask could define the water surface more accurately. Furthermore, a 5-m overall bias observed in GDEM 1.0 was removed in the newer version. It provided the first complete land surface model over the whole globe (Li et al., 2013) . However, many methodologies have been use to improve the quality of the data, the accuracy assessment was need to know the bias vertical value based on the local vertical referenced (ASTER Global DEM Validation 2009, (Arefi & Reinartz 2011 , Taylor et al., 2015 Reference map Indonesia topographic map (RBI map) with scale 1:10.000 with contour interval 5 m was released by Geospatial Information Agency (BIG). It had vertical accuracy about half of the interval contour or equal to 2.5 m and used vertical datum based on Geoid 96. Horizontal accuracy was approximately 0.5 mm with National Geodetic datum 1995 (DGN-95) or similar to WGS-84 (National standard of Indonesia/SNI 19-6502.1-2000) as datum reference. Since both of the data have WGS-84 datum, transformation datum was not required. While, coordinate system transformation into metric coordinate (UTM) had been transformed using ArcGIS software. In addition, several research about vertical accuracy assessment underlying on the topographic maps had been utilized (Zhao et al., 2011) . The referenced map should have higher accuracy than the calculated map (Elkhrachy, 2017) . Hence, the research assumed that topographic map had higher accuracy.
DEM generation
DEM generation was necessary to create DEM from height points interpolation obtained from RBI map scale 1:10.000. Height points of RBI map were manually digitized (Jing et al., 2014; Sertel, 2010; Zhao et al., 2011) . These points were taken from two different areas: northern and southern part of study area. Height points in the northern part applied 273 points and 365 height points in the southern part. System projection then was transformed from geographic coordinate into UTM 47 S zone. Feature topo to raster was used based on ANUDEM v.5.3 in ArcGIS v.10.3. ANUDEM is implementation of Topo grid from ArcInfo workstation 7.x and denotes DEM surface generation tool which is able to process large quantities data (Jing et al., 2014) . DEM was generated resulting in a resolution of 30 meters.
Accuracy Assessment
Elevation differentiation between reference DEM (from RBI map) and tested DEM (ASTER and SRTM) was seen based on slope, relief, and land use. Slope and relief are important variable to assess DEM accuracy since the surface of the earth is represented by them. Slope and relief were generated using slope tool and topo to raster feature in ArcGIS. Moreover, both ASTER and SRTM catched the canopy height of the forest or tree rather than record bare earth elevation (Gichamo et al., 2012) . Therefore, this research assumed land-use was used as one of the variables.
Land-use was derived from SPOT 6 high resolution imagery which had spatial resolution 1,5 meter. Classification used supervised classification method, while maximum likelihood classification (MLC) used for land-use analysis. This tool was available on ArcGIS image analysis tool. To assess DEM accuracy of ASTER v.2 and SRTM v.4, root mean square error (RMSE) analysis was used. Subsequently, based on elevation differences between reference DEM and tested DEM, accuracy value was gained. 
RESULTS AND DISCUSSION
Vertical Assessment
In order to assess bias elevation value between ASTER GDEM v.2 and SRTM v.4, total 237 points sample randomly distributed around northern (location 1) and southern (Location 2) in Padang City. The distributing of the samples were based on the three variables, namely slope (°), relief (m), and land cover. Furthermore, the main goal of this research attempted to calculate the error values of the elevation from both DEMs. Assessment was done by comparing the difference in height values generated from ASTER GDEM v.2 and SRTM v.4 with elevation values generated from the Reference Map. Furthermore, there were 2 locations selected in the level of accuracy that were conducted, which were the north and south of the city of Padang. The first location was in an area of relatively flat morphological conditions about 0 -489 above sea level. In contrast to the second location which was in a high plateau region with a bumpy morphology, this region had an altitude of approximately 0-900 above sea level.
Location 1
Relief
404
The first assessment was to see the difference in elevation based on the relief class. As class reliefs used in this research was based on Li et al. (2005) , where the relief was divided into 4 classes. Based on the distribution of sample points scattered at location 1, there was a difference in elevation values derived from either ASTER GDEM v.2 or SRTM v.4 compared to the GCP points taken from the reference map. The results of the RMSE analysis in the first location showed that the elevation values generated from SRTM v.4 on the location with the flat relief were better when compared to the height values generated from ASTER GDEM v.2 (Table 3) . On the contrary, the bias of elevation value from the relief upland until hill, the difference in ASTER generated height values was better if compared to the RMSE value generated from SRTM. The difference in RMSE values from the resulting elevation on the terrain (<80m) were 8.57m and 5.78m, of ASTER GDEM v.2, SRTM v.4 respectively. The resulting level of difference reached 2.79m. In addition, in upland until hill the difference in RMSE values resulting from the calculation of height differences based on reliefs was about 1.95m to 5.32m, where the height values generated from ASTERs were better than the elevation values generated from SRTM. 
Slope
Stature assessment was also done based on the degree of slope. The result of RMSE value calculation showed that the elevation value resulting from SRTM v.4 on flat slope grade (<2°) in location 1 was better than the RMSE value resulting from calculation of height difference from ASTER GDEM v.2. However, ASTER DEM for locations with a slope of 2-25° indicated a smaller RMSE value when compared to the value generated from SRTM (Table 4) . Differences in RMSE values were generated on areas with a degree of slope <2° which was about 4.05m. Furthermore, the difference in RMSE values resulting from the calculation of the elevation values of the two DEMs for the region with a degree of slope of 2-25° was 1.15m s.d 3.65m, where the value generated by ASTER was smaller than SRTM. 
Land Cover
DEMs generated from ASTER GDEM v.2 and SRTM v.4 were Digital Surface Models, which in their recording took into account surface heights such as buildings and canopies as altitude values. Based on these assumptions, the assessment of the difference of height values on the loyal type of land cover was necessary to determine the level of bias leveation in each land cover. The result of calculation of RMSE value showed that the elevation values generated from SRTM v.4 on land cover type built up area, forest, paddy field, planted area, shrubs at location 1 were better than RMSE values resulting from calculation of height difference from ASTER GDEM v.2. while the RMSE values generated from forest and water body land use types showed that the RMSE values of ASTER were smaller than SRTM. This showed that the DEM of ASTER was more if compared to the value generated from SRTM (Table 5) . Location 2
Relief
In the second location which was the area with the wavy topography, the RMSE calculation results on the relief variables showed the elevation values generated from SRTM v.4 on the location with the plain, upland, and hill relief were better when compared to the height values generated from ASTER GDEM v.2 (Table 6 ). Differences in RMSE values of both types of DEMs were 2.51m, 3.86m, and 4.62m. On the contrary, the bias of elevation value from the relief hill, ASTER was better if compared to RMSE value generated from SRTM. The resulting difference value was 3.69m.
Slope
In the second location the assessment of altitude was also done based on the degree of slope. The result of RMSE value calculation showed that the difference of height values both generated from ASTER GDEM v.2 and SRTM v.4 were evenly distributed, where in the flat area with degree of slope <2° and 6-25° RMSE values generated SRTM v.4 were smaller than ASTER GDEM v.2, 2.15m and 1.21m. The difference showed the SRM-generated DEM at that location was better than the DEM from ASTER. Conversely, in regions with a degree of slope of 2-6° and >25, the ASTER-generated RMSE values were smaller with a high difference of 2.76m, 7.27m (Table 7) . Land Cover
The result of RMSE value calculation showed that the elevation values resulting from SRTM v.4 on Forest cover type, Paddy field, Planted area in location 2 were better than the RMSE values resulting from ASTER GDEM v.2 height difference calculation. While the values of RMSE produced on land cover type shrubs and water body showed ASTER RMSE values were smaller than SRTM. This indicated that the height values of DEM derived from ASTERs were better when compared to the elevation values resulting from SRTM (Table 8 ). 
CONCLUSIONS
The first assessment performed on two sites with different topographic conditions showed that on a flat area with a relief of <8m, the resulting elevation value of DEM derived from SRTM v.4 was closer to the reference value. The difference in the value of RMSE produced was about 2.79m and 2.51m at location 1 and 2 respectively. Different conditions existed in areas with relief classes of 300-600m. The result of calculating RMSE value in the region indicates that the height value derived from ASTER GDEM v.2 was better than SRTM v.4. The resulting RMSE values were 5.32m and 3.69m at location 1 and 2 respectively.
The results of the RMSE showed that the heights resulting from SRTM v.4 on slope in flat areas about <2° at location 1 were better than the RMSE resulting from ASTER GDEM v.2.The value of the height of the results of RMSE at location 1 which was dominated by plain region, showed that the bias elevation values from ASTER were quite closer to the GCP's value when compared to the SRTM v.4
The results of the RMSE in both locations on the basis of land cover, consistency the results of with an elevation resulting from SRTM v.4 on the type of land cover paddy field and planted area were better than the RMSE resulting from ASTER GDEM v.2. While value RMSE on water body, the two location showed that the results of the calculation were the same in which the values of produced ASTER GDEM v.2 were smaller than SRTM v.4
